Myelinated and unmyelinated axons of the corpus callosum differ in vulnerability and functional recovery following traumatic brain injury.
Traumatic axonal injury (TAI), a common feature of traumatic brain injury, is associated with postinjury morbidity and mortality. However, TAI is not uniformly expressed in all axonal populations, with fiber caliber and anatomical location influencing specific TAI pathology. To study differential axonal vulnerability to brain injury, axonal excitability and integrity were assessed in the corpus callosum following fluid percussion injury in the rat. In brain slice electrophysiological recordings, compound action potentials (CAPs) were evoked in the corpus callosum, and injury effects were quantified separately for CAP waveform components generated by myelinated axons (N1 wave) and by unmyelinated axons (N2 wave). Ultrastructural analyses were also conducted of TAI-induced morphological changes in these axonal populations. The two populations of axons differed in response to brain injury, and in their functional recovery, during the first week postinjury. Amplitudes of N1 and N2 were significantly depressed at 3 h, 1 day, and 3 days survival. N1 amplitudes exhibited a recovery to control levels by 7 days postinjury. In contrast, N2 amplitudes were persistently suppressed through 7 days postinjury. Strength-duration properties of evoked CAPs further differentiated the effects of injury in these axonal populations, with N2 exhibiting an elevated strength-duration time constant postinjury. Ultrastructural observations revealed degeneration of myelinated axons consistent with diffuse injury sequelae, as well as previously undocumented pathology within the unmyelinated fiber population. Collectively, these findings demonstrate differential vulnerabilities of axons to brain injury and suggest that damage to unmyelinated fibers may play a significant role in morbidity associated with brain injury.